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(54) GaN-BASED UGHT EMITTING ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a GaN-based 
light emitting element that emits a light having a range 
of wavelength from ultraviolet ray to infrared ray in high 
luminance, as well as white light. 
SOLUTION: This GaN-based light emitting element is 
made of GaN-based compound semiconductor in which 
an active layer 5 contains N and one kind or more than 
two kinds of As, P and Sb. The preferable composition 
of the GaN-based compound semiconductor is 
represented by a formula, GaN1-x-yAsyPx (x and y: not 
zero at the same time and 0<x+y<1). 
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(54) ISt^n^m: GaN»S&t^ 



(57) [S*^3] 

Ni. As, P, S b©ia*A:tt2«fe(±i*#tfG 

aNJfe<t^!Bj¥3H*iO-C«. ififiS : Ga N,..., A s , 
P. (ictiL,, X. yl*PH#«c-fe*oTttJte< . 0<x + 




yfm. p -A 1 GaN*6)S£€>pS^^^ KB. Itrie 
GaN^^t^^^jO^^fiS^rSffii. n-AlGaN 
^^^fiS^nMi^'^y KH. *Jj:0'n-GaN7tii6«^+ lo 

[1**^3 ] m^ErSmi^^y > K - :7*G a N P ^iTcti 

hmi>Sii)i<Dm^ K h«it^^^'CC^€^iS*S 1 <DG 
aN^«3lc*^=-o 20 
[ 5 ] BUtSSt^Ofi^ K h . HUSBG a 

r fl^fiR 5 n e or * ^ b95}c3® 4 O G a N 

[19^516] i?iar£i4^«, GaiNmit^m^mm^ 

^ 1 <DG a NS^^:)lc3R^o 

[iS*^8] flai2V]^S:^>^N<b. As. P^J:z/S so 

h(omf)^hm{:^^^'j^tj:< thimvh^m-mmKOG 

[69*319 ] SalBG a Nmt^^^mmt. : 
GaN,.,.,A s,P. {fcfcL. x. y «I^B#CC-fe'Pr 

«Jtc<, o<x + y< i^riSST^Sc-r&S) r^$ti 

6GaN*fb^iB5*aK*-r*-2>st*«4. 5. JtfcfttS 
(OGaNm^m^o 

im^m 1 0 ] m^^GaNmit^mmt^(fCi5ii^G 

a<D— »)&M n-CSfflftStin^SIS^^SgoGaNlfi^ 

ym^. 40 
Cii5}c^ 1 1 ] miEimm\it^mmmctj:^x\.>^m 

SGS 1 3£/c»4C[>G a N»»3feK^-o 
[fS*]B12] g?iBpS«S*^ Pt/Au. Ni/ 
Au. Ag/Au, Pd/Pt/Au. Pt/Ni/A 
u. */c«Ag/N i/Au/^^^fiRoTC^^W^^ZO 

GaN^KI^T^^T-o 

[000 1 ] 

i^momr^nm^m] :^^mtGai>^m^^m^^ 

mu. MCCi*C/<«. iSiKfi-c^TfeL/, Lfy^i>m9\-i)^^ so 
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[0002] 

[S£*<DSJB] h'^i' 'v:7x:^;^=^•-;&4:^tliGa 

^■:«>^ga^3nTfco, -ecD-sp^i^ffl^bsnri^^. ^ 

(OtS^. «i4liOGaN3^{b^!B5¥2S<*iLt:«. Wx. 
t^>'>K--::'*©I nGaN. Al I n Ga N3^j:i'*5fflC» 

[000 3] 6?9iL&^. nmW-B - 1 5 3 6 4 

m. y>h'-'yGaNf)^f!>fji^^'yv\'m. n-AlG 

^"^yh'fs. y>h'-v^i nGam^fb^irmm^m 

<XmmL. Mtc-ecD±tc, p-A l GaN^^^eSc*?. 

v^p-Gauti^f^mi>^i^yy'mi:mmL. miz^^^^ 
y'm(D±(^x>mmm^mf&b. mriBTSue^^ f® (n 
-A 1 GaNH) (D±t,cnmmmimfSLLfcm&mtm 

[0004} ±iELfc^':> rj:W^mtm^(tCmLX\:Si. 
O^SOloiur. rgi4H*«fi£'r'5GaN^{b^ia 

^^mmt. c^rnfe. ni-viS{b^!B5¥»<*-e* 

^(Om^. umTiSktLXU. Ga. In. Al 

<Dim^tc[t2mi:x±^^&^m^tixi.^^. Lf)^L. vm 

{f±saL//c I nGaN01©^«. G a Nt I n N<02 tc 
[0 0 0 5] Sfc. fte<3!:)®Oig^^l^IDr*^;&^. r£14 

m&m<omm('^^^xhmti^i3K m^&mmnit. m 

ta. 8 5 0-1 0 5 0'C«:i8:S§n-cci€>o 
[0 00 6] L^^otj:i)^f^>. ±iBi//cias:<scc*or 

«©-en<!:*fJtl/rffl>E««J4caiC^. ^(Otc^b. GaN» 
{b^!B5¥«(*^0iKSfiK;^(Dii?fiafl-c. NWiSatS^,.;^, 

^tC. GaN^S^b^l^^^m^. mt^GaAs. Ga 
PCD J: ^ J^jrlelCiii- Vj^fb^¥«(*<^)^^6cJ:b'<T 

[0 00 7] C(0^'!>rj:ctf)^^. rSttB^ilBLfcG 
a N3Sfb^iB5*^(*r«fiSiO:rcfie3fcO^S-?-<Z)Jii^. 
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il5»ffi^5t©l|514C*/i:BEttiL/Tt,»/j:i». — :^r. GaN 
tGaA s©27cSa-C*SGaNA s-?>. GaNiG 
a P © 2 TcilB^r* * G a N P i' -CrSft® L /c 
^SR-?«jSfe^-rS, A sfflREJt*! 1 0% 

m&<DG&NAstm(.*i>tm&^L. *fcGaNP 

©1©^. p*i 5%gSK-r?>ii^c<^e^-r4c 

<!:*i$fiSS*l-Ct>* (S:i5:K. Iwata, et al., 3pn. 
3. Appl. Phvs. 35(1996) L 1634) . 

[0 008] LA^LJ&Ai^. ±iab:rc27cgSti. Ga 

N*fltK:J:t«Sor-e©aiuS^»?(ilS*J:;Ac* < S& or c> lo 
fiSgSS«i 1 0 0 0 •CJil±-C*^,tg^«. A s ^H^P 

[0 0 0 9 ] -S-L-r^ Cti6©27cilSB. As-«>P© 
[00 10] 

*G a N?k^fii^<om^immtri>. 

[0011] 

tctbic. :*:^?g{C*ji^-C«. rSffia*!, 2ffl«±©V:^ 
7C«%^tf G a N5fe^t^*««^-C}BfiSS n-C<r» * C i 

Sffi©±K:> GaN*e.fiS€»'N'';':?T^. rStt®* 
«»BS-rSGaN*<k^!^^^#^J:»3 fc^-O K=f + ^T-^H 
W*«GaN, A 1 GaN«c<!f<DGaN5fi{t^ 

it!>immm^p>f>5Li> f^ i'V-m, p - a i g a n*:- f)^*-^ 

pSi'^ f KB. y > F-:?"CDG a N*ft^¥»ft*> 

6fiJc-5S14)S. n-A I GaN*>6fiRanad?-7 9 K 

II. *jJ:C^n-GaN*»6fi£-5 + i'-;':?"JB3>«COjl^-C 40 

mtnmmwfij^mih. mrgapSj'7"^ FiB<D±(c» 

[0012] S/c. *^l9{Cfe»,>-C«. B!jiBfS14Jl*i. 
Ga NI^{t^^Jiai**i6fiS-SS«©fi-? K hflliS?: 
^^rt,»SGaN3SI%^feSS^*lfiie^$tl^. («fli. 
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[0 0 1 3 3 *Lr. ±iBL;fcS3R^-«. (,»-rnfc. -t 

©fsitJi *flns-r ^ G a Nmt^mmmmi. -x^ 

GaN,...,A s,P. (.tcfcb. x. y (il^RJiC-fe'or 

o<x + y< lisijs-rstfc-c**) -cjRan 
€.G a umit^^mt^-cmistixi.^^ctiimt 

[00 143 

K. SiJ©WIB*ia2K:. J|K:»(|©0!lC4H3«C-€-*aen 
^r. iR^A«. ffitt)B5 3&iftMt--5GaNm^i^ 
»<*©i^-Ji)g-CjefiSSn. -ecAJ^^JIJtJiSJR^ 
■C*^., JR^B«. fSttSl 5©4'«:f^-r.S«TKf 
I- 1 5A*!«3(£-fe>*<tL-rJBBESn)feB««tC>io-C 

i**»e.fiS.s^SE©«j^2 5 A~2 5 Ei)mwLmm>s.sti 
•cor. -ene^^AsftttBiL/rw^^m^ts^ 
^r4)So 

[ 0 0 1 5 3 c*a^©5g-7^A. B. ct*, r§ 
14B*«lli- V]^{b^:^i|i^(*r*-S>G a NIKib^!^* 

»*rji$fissnrt,>r. '<t<DG aNJkit^mtmca 

WSVlBsTcS*!. N4!£:>Sib. MCC, As. P, Sb 

©B¥*^6jstjn«) i««fc«2ajiii±r3&sci*®/: 
©l#SiiLrt,>s. -e-L-r. mSocSRiorB. Ga 
^?4r*orfej;t,»*5, ee3fe©JS^ii5i8S«:. Ga©- 
mnn. A 1 )S<!;©<te©iiilS7c^rii»3nri»r 

[0 0 1 6 3 mmncmi>zG & Nmit^mmi^<oM. 

i*fi^<tL/rB. GaNP, GaNAs. GaNSb. G 
aNAsP. GaNAsSb. GaNPSb, InGa 
NP. InGaNAsP. InAlGaNAsP, In 
AlGaNPSbAs. AlGaNPAs. AlGaN 
PSb. A 1 GaNA s S b<t<!f?&*lfSCi*«r» 

[0 0 1 7 3 immffi±&LtcG a N^t^^mttV 
««E^hrt,>*Ci{Cj;'3. S=r. 2|c«W©«3t3RiF« 

WrB<cL>*J. JWTK:Si?g-rSJ:5{C. 0fiX3nfcGa 
NJfi<b^i|a»fl:«:iSII^Pi*Jd>^j:i,>A>6r*S i^^ 

fytii. cti^oG&umit^^mt. i»-rnfc, 

r§14B*GaNPr3KRS-r*ti^, -eOGaNPaGa 
NiGa P©SSK:/5:-7ri»-S, 
(0 0 1 8 3-e-Lr. GaNCCli. HUleL/ci^icSa 
i^RS3>54D^TC»*s. m«G a POti^tctJieSfiSS 

©ja^riKaXfi5Bia£:0':J6i». ■e©fca). GaPic 
MLr«s:tf-sa<j©ifflfiR*wr?.*ss*ff ^. c i^iga 
■c*2>. L/c*ior, iteae£fiB#{c*jtt5>pfifeii&iS©a 
mtf. t9:itfiiJ:«3STi««S«cr5Ja:<!fL.r®<)j 
CcPH-rscitcJ:*). C©P. ^«:to%Nm©V|S 
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xps I i III - V mit^m^»i^om^(fcrj: 6 

[0019] IMZLtcGB N3fi{b^*»f*CD^ 

^: 

Ga Nt-.-vA s,P. •••(!) 
(fctcb. X. y«l^|B#tC-tfD-C«^C<. 0<x + y< 

[0 0 2 0 ] WI;^tt^. Ga N^i^^OvO 
3 .a-'S .4e\rC*0. ^Of-:^|%:)ti^S«3 6 0nm 
gS-CAO. SKJI-fe^^fe-r-S. ts/cGaP^JBS<D>rN'> 

5 6 0nnxfijerAD. *ifeCC**"rSo ^LTGaA 

f - ^^«5feiSS« 8 9 0 nnffiS-C A 0 . 

[002 1 ] (1) 5S;r7j^L//c#«t»«. GaNiGa 20 
A s iGa P t037U®H^B-CA^;&^. ^(Dt^. x. y 

ffi* n-e^njSji L r b r ^ titcm-r ^satc T 

[0 0 2 2 ] m^fit. (1 ) ^-Cy-Or^^GaN 

> K=^> yum 1 . 8 e\r^rj: ^ . t:'- ^^^ieS^*6 
SOnirSSrAO. ^^Ati. 30 

;^^}'^xf^=^i^i';USES^ (GSMBEffi) tcj: 
0. miilf:? r-rr S«10±CC. GaN;&:»6fi8S>''« 
♦;;"7ylB2. > K-::'*G a NB3 . m«P - 

A 1 GaN7:»>efiS'2)P^^^*;; FIS4. ^'^F-^Ga 
NP:«r>6fl6-Sffii4H5. W^tf n - A 1 G a N*:^6fiJE'S 
nS^^'^'K^e. «f!l;t«n -GaN7:^>e>R£'2>^1-;':7' 
®7^:M;>:Seur. [a4'c^SL5^cig«aAo^*{{^-r 

[0 0 2 3 ] -Pl^r. !i«3SAo(D+i^ >'*JB7^m 40 
«y'7XvCVD?£-CS i OM^fSMl^tcO^J'^^- 

d?^.:, Kjl40— SB^ffi^atHSl^^. ot^r. S i O 

fiB9*?gRSur«^A<h-r^o 

[0 024] nMm@8<!:pM^@9^|g«jT-5<t. r£ 
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( 1 ) ^OGa N3^{b^¥«(*oJi^s»s®br. 
[002 5] ^CDW^. *^r£tt®«iWa*:)fccol?ff4r 

Pas<bLr«if->'i'Ji/>^^;i/:7*x:7 ^>*/tE3: 

«AsH,. s basi br^i^-f>'i';br^^;ur>^^ 
>^fflCin«J:l^. */cnMK->'0 hiLX^mi* 

[0 02 6] */c. rS14H<OGaN?ft{t^«5^ft{C:te 
t-t « IISKtc* <!: b r « G a (CRRS § n S O T» 

?^cC< . Ga(7:)— aJi^i I n. A 1 fj: ^<Di&<DlIlS^7t^. 

Stiffi^it-CO .5«TfiS-C*^Ci?5fi»$Ll^o * 
fc. ^Icom^Acom^. rSttJSS^T^CpMi^-^'^ K 

[0 02 7] ^cC4d. nS^@8ibr«. T i /A 1 / 
Au. Al/Ti/Au. W-Si*. pffi^ffiiLtT 
Ni/Al. Pt/Au. Pd/Pt/Au. Pt 
/Ni/Au. Ag/N i /^Au^^^ffllr^^>Ci3&ir 

GaNllO±CC. K«:|ftqgL//tGaNm^«5**»© 

^uxi»,mrj:m-'m^#pmmm<omif^o)m^ f n« 

[0 02 8 ] OA:*ir?r. CCDS'? F •> FStiS^GaN 
■caiftLrGaNW^J^RRr^i, -etDGaNB^. S 
? F h WiS^Jf^fiS-r ^G a N^<t^i^i|i«f*<Dffl^tC 

tttm^{r<x<DJ:'^iiCLxmi'f^hctf)^v»^. mtf 

fbf&i^^^yyrMl 2^rRmiy. SCC-e<0±tC. p-G 

aN*^6ia^>psiiBi simfSi-r^ os) . 

[0 0 2 9 ] -ol^-C, p^®13(D±(C, mBX9ikiyfc 
Jc^CC. t^Bjitf-Z^F-yGaNP^^fefig-SGaN^fb 



*»1 0*^U-r-\' (ML) JilTi^t-5a:5Cc$(ISIStv 

S7*L<«. 1 *A:{*2MLfiS©J5;!»{C*lJ|ai-r 
■5. pMIS (P -GaNIS) 1 30±KUiaL/c 1 ML 
* 2 M Lga:©J?*OG a N«{b^*»»CO 2 i^^TC 

^jTS^yKWcSE^tL. psjbi 3©±«:tS(a-r.5ifi»{i 

©fi^-Ki? h«jtl 5A{ciE0-r-5 07) . 
[0030] ^C*J. C ©fi^ K h«a 1 5 A*s?gfiS$ 
nfci!»5j!>>(3:. RHEED (lftjiS-?-ailHlJTSS) 10 

^aSLr. W;ttflPi5>*2-3rnMS©-/>K-7"G 
a NISI SBUmti, 

[003 1 ] C©J;^i{CLrjgeESnfc)l 1 5B> 
«G a N P/G a N*>6eEa^— «^-#F^(Da^- K 

hmm<Dmictj:r>-Ci.^i>. fi-f-K-:/ 5 

COB 1 5(D±{C, MtCglJCDS^ K 
y> K-:?"GaN*^6fiS*rgtt(S*ffl)lLrSJ@«Jgi 20 

L. ^orafSKSisiJ^c, mxiin-G&titft^j&i, 

nM«l 6*S@T6 (S9) . 
[0 032] ^L-C. ?#6n/cBfl»jSK:*fL> SS^A© 
Jg^iBlfiltcLrS i O.lBCWKfiS. x-»?->*'Ma* 

pSSffig^-^-ti-enjgREL-c. m2VTjkbtcfii^B^ 

rt,i^,©-C. ?§tt®3!)S-/> K--7'GaN#J4-C«fS3n 

■ct»4t§^ (mtfsR^A©*^) .fcofe. 30 

[0033] ^Lr, jStlt©fl^ K f 1 5 A©}^ 
fiStcffli,** G a N?S<t^^f*©ffiffl*SiSK:3aS?t- 

[0034] -e-©ti^. * 5rStt»tcteW5fi^ K h 40 

fiK L . C n 6 3 aBS©«^^ K ^ h «jg«rStf *B«jS(C 

[0 03 5] C©^-?-CW. El 3 -Cm L/C J: ^K, m 
«p-GaN5!p?>eRSpa!J12 3©±K:. -etl-e^afflsE 
Ai^^J^. G a N5S<t^!^iNI*tJ>»6(KSffi«ffl (H-Ct* 
5jg) ©%5l^igl2 5A. 2 5B. 2 5C. 2 5D. 2 50 
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A»n-GaN*»€>fij.sniiia2 Q-cmkttitcmnm. 

^rWLTU^,. ^Lt. nS!Ja2 6©±K:nS^S8 3ls 
J^eSSii. pMIB2 3©±4CpM^*i0^3n-Cl> 

[0 0 3 6] C©^^=^C^i. GaNJl©±{Cvxi;i&^ 
t>-CGaN,m^**ft*jStRfiSS5li/cl©^> v-;^ 

frap©:^*s*i^<fr-6i. -entciSD-c. cawj^ 

<t^«5*ai(*©i^SfiS63iS*i^{tL. L*>fc. ±ieL 

/cies^fiaa*sa< p-?>a s js:t-© 

V]K7C«©ffi»)3i*a*iiK)a:-3r. #6*ifcGaN« 

<b^!B)4i«mc*sw.&-€-ne.©;fflfiRtt(i]ii< j&siti^ 
9ffc/j:»iMK:s-5t>rK»3n/cfc©-rSi)*, 
[0 03 7] C©3R^CM:*JI,>-C«. «»5e:^^2 5A 
-2 5 EilSUCCffl^AiS'i-^rti.S. ^Ofctb. ^© 

©sR^c tiWA tfy:©J: ^ {CLrKff-rs c td^-rgr 

■S. sr. mtfMOCVDaf<:J:f3, ift^T-^TS^ 
1©±SC. GaN*>6fiS;S/N*y :7r)12 2. p-GaN 

*^6RR*pa»2 3*)iHi>:a«Lria i o-c^L/taflt 

[0 0 3 8 ] -Jt^-C. m«J»CVDffiK:J:0. ±88)1 
«|jS©pSB2 3©±CCS i 0,ia*R6IBLfc©%. C 

©s i Oili{c-'^•^^-->i'ix•yg^:>y*^fo'r. 0 

1 ir^LfcJ;^.{C. ffl[»<l©l8Pa524 A^rWrSv 
X5'2 4«:JBfiR-r/5. ot^-c. C©±K:?lC^MOC V D 

iS-C. GaNJfi{t^i^^|i^«^*i^as£g3ifS. GaN 

mit^^mmt. vxi;©spsii2 4A*>e>^wr«. 
pffiB2 3©±{ca5?fijEsr*. -ecite*. hi 2-Cn^ 
L/C J: ^ CC. iang|J2 4 A aG a Nmit'^m^i^v^ 
«SiT.. S3feMJa2 5A-2 5E*sj&fiS3ti*. 
C0 03 9]Ot>-C. ■?>^i'2 4*|^*L/c©%, 
L?cpS'B2 3©±«:n-GaN*«SL-C. ±ia«it 
^tS2 5 A~2 5 E4:%±K:ai9:L/ct«SS-CnMB2 6 

(11113) . -eLT. m«K5-<x5'5^> 
if-c±MEmm&<o-mi'^^-r ^.ciK:<topS!B23 

©-ap^^asi*. •€-©^ttffi*iJ:0*nSB2 6©affi 

tc. p^mffiginSfses^-s-ti-enjKflcLTias-c 

[0040] ±8EL/c-a©a4f^xii«:te<,»r. @ i i 
-C7FL/c-7Xi' 2 4©S{'P^tcraP»2 4 A©igp®ij 
^SWtcPSLr. CCtCjg!R^S$-a-2,GaN^t^ 

^mm»<oimmmmrt>tii. ma. caN^fb^ 

fs^j^ait^AlGaNP-CftO. C tl*G a N©±{ca|RjS 

S:Sm>m-^. -7;^i7 2 4©PaPS|52 4A©ifi (.^tiit 

mammicm^-r^) <!:GaNP©t§sfiSsji®t©Ki 

mmi 4-C3^LfcJ:5<fSSaiK:/d:i,. 
[0 04 1 ] SftWJCtJ. g8Pili*il ym-C*-5-5'Xd> 

2 4 *«l>fc«^. GaN P©i^aRKSjiS«3 0-5 
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0 um/h r-C*^. BgD*i*U 0 0 umr*^ 

POiffl^itO/hSl^G a N P;55a!R«S-r 

(=5) tim'i:iT(omn^<om^ict. GaNP<7?Ma 

fiS;S3SS«3 0^5 0Mm/h r<b3S<, PfflfiRjJU 5 

5 0 (= 1 00 00) ium^liSCD§ana5(DJt^«. G 
aNP(Z)ilSS^SSa[«l 0-2 0 0 um/h r iil< 
^cO. PfflfiS;7&^7-'8%liSOGaNP3&5fl5fi£?n'5>, 
-eot:gaPffiS3&52 0 0X3 0 0 (=60 0 00) um 
*fe<±<fc:^*< l.3^cgapa5©i»^«. GaNP<^i(gS^ 
S3ia(il-2 //m/h r cb:;^iti{ca<3&:0. PifflfiE;&i 
2 % gSO G a N P S -2) o 
[0 04 3] L/c:?Wo-C. C(Om^C(Dm^. -7X^2 
4^4tft:t^pgpaJ2 4<7)MPffiS(DAtS^IBj*jalWc 

-SiE-n-enOG a NS^<l:^¥3lf*€:^^t$ii'4 C ij&i 
■€-CDCiCCj:i3. -^-n-e^nOGa N^Sft^^^^zS 

[0044] ^mm 1 

^Xo<=fc^tcur. Hir^UfcH^jg^WT^^Tfe^^^ 

(GSMBEfife) ria4T^L/cjB«JSAa«:»i 
iSL/c. ^Uir>%. 1^:7y >rTSSl<D±Cc. NijIiL/ 
rt^^y^iUt F^i^> (5 X 1 0-*Torr) . GaSSiL/ 
r^RGa (5xi0-'Torr) ifflC^ ^SSU*6 4 0 
•C-CiS^5 0 0nrrt7>GaN>^>'u;:7TJ12*fiXliiL/c„ M 
K:-e<D±K:, Nag<i:OTT>^-r (5X1 0'*Tor 
r) . GaiKiLT^KGa (5xio-'Torr) ^ffl 
^SSS8 5 0-Cr»;&^2 wm(Dy>K-:/GaN 

[0 04 5] -Oli-C. ilBL/AiNaRiGaaRK:, Al 
(1X1 O-'Torr) ip^F-^N^>hr*€»^Mg 
(5 X 1 O-'Torr) «:flniL. fiSSiSffiS 5 0 •C'CGSM 
BE<D0ESi&ffl^ Jl^l OumCOp-A 1 GaNIB4 
^^^L/tcD-^. iSTsWk'm^^^. N®iL/t:T>^ 
(5 X 1 O-'Torr) , G a iSi L/T^RG a (5 x 
10-"Torr). *5«fcC/PjSi Lr :7 ^ > ( 5 x 1 
O-'Torr) ^mc^ ^S^^S? 8 0'C-C>'> K-r^'Ga 
No . , , P. . »3 50> e>^S 5 0 nmOrSttJl 5 *^^glaL/ 
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/Co 

[0 0 46] oi^r. i^T.m.^'m^^^. r>^^r 

(5X1 0-^Torr) . ^UGa (5X1 O^'Torr) . ^ 
HA 1 (1X1 O-'Torr) . fccfcO'nM K-/^•> hV$> 
^^«S i (5xiO-'Torr) *ffl(r^ ^SfiKSSO 
'C^m^l O/umOn-A lGaN®6^^U/c. |g 
tC-eOitC. T>^^r (5X1 O-'^Torr) , ^SG a 

(5xiO-'Torr) . ^A 1 (ixiQ-'Torr) . 
J:0*^S i ( 1 X 1 0--Torr) ^m^\ }&S:U&B 5 
10 O'CTn - GaN:^^6fiS^iS^ 1 0 m mCD=^^ i-;^ :/IB 7 
*^1B b T H 2 L A 0 *«iS L 3^:« 

[0 0 4 7 ] -:>C>-C, ^i- •:;:7'@7<DaffiOCy'^X-7C 

cfi[>s i o,is«v;^i?<!:i.-cas;x 

■>^>^^tf^rJH«iiAo©-Sa^P - A 1 GaNH 
4(D^^^V:x.y^>im^LX. p-AlGaNB4 
<D-^m=S:mmi^fc. S i 0^m^m^Lfc<D%. 

fiSU. ';^7'H7<30±CcTa-S i ^.3g«LrnS« 
20 ffiSiJg^L/. MCCp -A 1 GaNH4<D±CCN i/A 

1 €Mi;XM#L.rp^«a9*0fiSbr. ^irTnU/c 

^3R^-A^SiiSL//c, 

[0 048] CCD^3t:^'7-tC-:>#. p-nS^ffltcmBE 
^EP^jnO, xUtJ? h p;U$ ;^ .:;•te>;:^;^-c^<D^3^ct:*- 
i'<^:»S^il?i-^/Co ^^t:'-i>ti4 2 5nmf^ifitC?IS 

iOr. T>^^T (5X1 0-»Torr) i^JRGa (5 
X 1 O-'Torr) (D^^miK f&^U&S 5 0 'CVM^b 
0 nmO y > K - r/G a NS L/C C i ^H^l I*. 

^JR-T-fc. iS;S3 8 Onmf^jfi^S^CD^^f-i?*^^ 

[0 04 9] IIMP2 
r£14jl(D*2»($«f45&5GaNa.9.A So..a Po.o^r*-:) 

/cc<h4K^i^r». USSFSi <!:isl«tcorj%3e«^A* 
IJJSO/Co COl%3tlR^oa36t*-^^«4 6 0fwrWjfi«: 

[005 0] HfiSCTS 

^>:©J:5(CLrEI2r7nO/cl%it«^^B^i«{^U/Co « 
40 S5r^L/Ccfc^5C, Ifr^r-YrSffil lCD±tc, 
GSMBEar. Gai^giLr^SGa (5xlO-'To 
rr> . NmtLXfyj^^)V\::h''7i» (6x lO-^Tor 
r) ^rfflCV ^SaS7 0 0'Cr/?-;^5 OnfnOGaN/^' 

">^37 7Bi 2^iSjgL/Co oc^r. Naai:Lrr>^:=« 

r (6x 1 O-'Torr) . Ga^S^Lr^Ga (5x1 
O-'Torr) . p^K-->'^•>^<^:Lr^SMfir (1 XI 0 
-•Torr) SrfflC^ ^SSK8 5 0 •C'C/5-;5*^2 //mOp - 
GaNHl 3*SESO/Co 

[OOSn-^t^-C. G a,mt Ur^mG a. (5X10 
50 -'Torr) , NaaiUrr>*^T (6X1 O'^Torr) . 
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PMtL'C^-iy^ji^zr^jiy dt ^> ( i x i o-* 
Torr) im^K ^fifiKS 5 0 'CrG a No , Po . ai<^ 
HI 4^1^^Bf&m$^tfc me) o C<Di#. GaN 

[0 0 5 2 } i^cCfc. @ 1 4<D^SCc5fejt^. p-GaN 

tihffi. miVTjkLfc^'^ffC. p -GaNH3CD±tca 

[0 05 3] C(^)S^K-v ^«iSl 5A{iRHEEDr 
ffl^-r^C<i::?>«-C#/c« 'OC^r, GaiiiLr^RGa 

(5 X 1 Q-'Torr) . N^ii L/tT T >^^r ( 6 x 1 0 
-*Torr) ^fflt^ JSSSaKSS Q-Cr/¥;!^^2--3rwi5:)-^ 
>K-:7'GaNJBl 5B*^l/r. -^-CD^iCcS^ K > 

hltSl 5 A^ai9:U. las-CTnU/cJr^tc, GaNP 
/G a N:«>^efiS;^m-S^#FS!OiSffil 1 5 ^^mL 

[0054] ^<D'ik. K > 1 5 A<Dmmt^ 

ST-^FSOffittH 1 1 OHSHStirc^^^llW 
S(D?§ttaccU3to -:)t>-C, Ga^SiOrifelSGa (5 
X 1 O-'Torr) . NmtbXri^^^r (6x1 0-»To 
rr) . nSK-''>*> hit 0T>''^> ( 1 X 1 0* 'Torr) 

1 6*ffJ^L/c (09) „ 

[0055]oi^r. K'7-fX'y^>^tCj:0. i39r 
7nL//tll«JS<D-SU^^*Lrp -GaNB 1 30— SP 
^^tt|-i±U«?>. CCDp-GaNHl 3*5j:C>*n-GaN 
mi 6(tCy:t h US<?X his i O.^^c^iO-^x^^fflt^ 
png^^fiSC0/c«6CC. P l/Au*5e>0C'5>pS!« 

®9. A 1 /T i/Au*^6^^n^m@8^-en-en 

0fi£L/r. m-f^BiL/Co CO^R^-B*. 4V. 2 0mA 

[0 05 6 ] mmmb 

Sffi2 1CD±iC. GaaSiLT h 5^;l/;e/y<?A (2 
5 scan) . Nfflti LTT^^J^T ( 2 0 0 0 seem) «rffl 
t\ ^SiaS6 5 O'C-C/1^5 Or¥nOGaN/N* ':/7yJl 

2 2jS:^L. MtC-€-0±CC, G aag<!: Ur h V 

;^/»; -^A ( 2 5 seem) . Njffl<i; LXr>^:=-T (200 
Osccm) . paF-^^^*>hib"Ctr;<e^^7n'-c>^s;>x 
( 5 seem) *flac\ JSSSiaffi 1 05 0 
•CrJ1^2 MmOp -GaNji2 S^fimLfc. 
[0 0 5 7 ] oti-c, JStCVD^-Cp -GaNa2 3<D 
±«:J?^ 1 0 0 rvm&<DS i Ozmif&mUfc<D^, C 
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(OS i0^m(fC7t^hl^iy:^hXJ^dx-r.:y^\^^ M(tCy 

'?A(2 5sccm). N®<b LT T >-t:::-r ( 2 0 0 0 sc 
cm). Pi[iiLrd?->'i';^:/^Jl/^ Y > ( 1 0 
seem) *fflt\ ^SaS9 5 0 •Crjl|fMS€r*f or , 
SI 2-C7KU:rcJ:^K:. BanSB2 4 AO^iGa NPs?^ 
e)fiS'B^7lcM«2 4A-'2 bEX^iMLfc. 

10 [0 05 8] c<^)i#cDfi£s^rai3:. mtmm<o 

m^t)^3--l0 0mttj:^J:^t^mmLfc. Co:>J:^rj: 
Ga NPCDjltRsSStCjcD. ^C0#ian§B2 4 Ate 
&*-ecDSP®SCCl£:CrxCDfii:0iO .0 2-0.157!)^^ 
J^j:^ffl;ScDGaN...P.©igS>5iff5^$n^. -ecD« 

tg^7&^GaN„.,aPo.oir*^»^K:«. *©Ga 
NPSIig^ (rSttH) 2 5A-2 5E«WSIfetC^:)feU. 
^/cGaNa.,sPo.,,Oti^5c«, i^OGaNPSSiS 
(rS14H) 2 5 A'-2 5 E«»e6C^:*-ir-5>o 
[0059] GaMtl^Xh V^^)i^tf^J^A 

20 (2 5 seem). NiRi L/"CT>^-::^T ( 2 0 0 0 sec 
m) . nSJ K-^^•>h^Ori^'^> ( 5 seem) iflac*. 

ObOVXm^l A<m(Dn-GaNli2 6* 

CO— SB*l^*Lrp - GaNH2 3tD— a5«:^tH3-l±. 
CCDp-GaNH2 3teJ:C/n - GaN©2 6tD_htc:7 
^ hUly:^htS i 0,rj:^<D'^X^^m(^^X. p njg 
^figO/dtotC. P t/Au^^^^^-Sp^JSeg. Al 
/T i/Au^i^SE^nSlflffliSS-en-enB^OrSS 

30 [0 06 0] CCOS^C^IBttL/r. *«7fe««2 5A 

--2 5E^BiB#cc^:)t$#/fcic5. aa?6*3&n*6n 

/Co 

[0 06 1 ] 

aN3S^3fe«-?^{^, ?S14HK:fflC>-5GaN3Sfb^!Bj*» 
mcfcl^r. N<tf6<DVSi7£3R<Offi^J:fc*a!;lSCi«C 

[lasoffim/cC^B^] 

[0 1 ] :^^m<Dm^mT(D 1 WA*^^ WffiHr* 

[02 ] :^^m(D^ytm^(0 1 C«lB^7S-r»rffi0r* 

[0 3 ] *:*?ao*:)fe^^<D 1 mc ^TTi-r mmmxi) 
[04] »7K«^A^$!jer-5/c2«>(Da«is<oi«^^7n 

50 TWrHST**. 
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[06] mb(ommm<D±ifCG siNmit^^mmi^com 

[01 1 ] 01 o<DmmM<o±(^cmamm^mrj:i^j^a 
[012] mnf&svm:mi&%Bmbfcimi:7nt'm 

[013101 2V^Lfcmtm,i$i^^W^LXn-Gsi 
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[014] •7:^i^imi^XGaNm(O±icmiR0t&Sti 

[0 1 5 ] 0 1 ^«l5©^^"7-CCD»*t$14 

[??^0SiB^] 
1. 11. 2 1 
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